a2 United States Patent
Aydin et al.

US009195951B2

US 9,195,951 B2
Nov. 24, 2015

(10) Patent No.:
(45) Date of Patent:

(54) DISPLAYING A VISUALIZATION OF A
PORTION OF A ROLLING HORIZON TIME
SERIES

(75) Inventors: Burcu Aydin, Mountain View, CA (US);
Kemal Guler, San Jose, CA (US);
Mehmet Oguz Sayal, Sunnyvale, CA
(US); Enis Kayis, East Palo Alto, CA
(US)

(73) Assignee: Hewlett-Packard Development

Company, L.P., Houston, TX (US)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 846 days.

(21) Appl. No.: 13/284,570

(22) Filed: Oct. 28, 2011
(65) Prior Publication Data
US 2013/0111389 Al May 2, 2013
(51) Imt.ClL
GO6F 3/048 (2013.01)
G060 10/04 (2012.01)
GO6T 1120 (2006.01)
G060 10/06 (2012.01)
(52) US.CL
CPC ....cccceee. G060 10/04 (2013.01); GO6F 3/048
(2013.01); GO6Q 10/06375 (2013.01); GO6T
117206 (2013.01)
1800 4
1400
1200
Units 1000

800 4
606

400

3 38 15 18 §
e Pordod 140

(58) Field of Classification Search
CPC ittt GOG6F 3/048
USPC ottt 715/772
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
7,103,562 B2 9/2006 Kosiba et al.
7,423,582 B2 9/2008 Holderle et al.

2010/0287146 Al* 11/2010 Skelton et al. ..
2011/0054973 Al*

.. 707/705
3/2011 Deichetal. ...cccceecvervvnnnne 705/8

FOREIGN PATENT DOCUMENTS
WO WO0-2010138864 12/2010

OTHER PUBLICATIONS

Ladstadter et al.: “Exploration of Climate Data Using Interactive
Visualization”, 2010, American Meteorological Society, Apr. 2010,
pp. 667-679.

* cited by examiner

Primary Examiner — Andrea Leggett
(74) Attorney, Agent, or Firm — Trop, Pruner & Hu, P.C.
57 ABSTRACT

A method performed by a processing system displays a graph
of a portion of a rolling horizon time series corresponding to
arealization of a realization time series adjacent to a graph of
the realization time series.

23 Claims, 8 Drawing Sheets

120¢1)

L1202}

" 32
142

©0C 00000000

17 18 2G4t 22 Z3 4 28 s 2 B




US 9,195,951 B2

Sheet 1 of 8

Nov. 24, 2015

U.S. Patent

09,

NOLLYZIIVISIA
MOZBAOH
AWLL ORETION

oy -

05

L B

1NdENE Y350

il

—

LIMN
NOLLYZITYNSIA
SHES diL

NOZRIOH DNITION

59

1]

¥

T

]!

NOLLYIMHOAN] S31ES
FWEL NOZIMOH DMNITIOM

Swre ee,

SHRESE AL
18vO3HOGH

\. .wwmw

NOLLVINHOSN]
NOLLYDZHDDY

Aoz

NOLLYWHOIME SRS

S0ils NOLYZITVEY , 2g e

SHAS AN
MOEELYZIY Y

NOLL YISO AN
NOULYD SO0V




U.S. Patent Nov. 24, 2015 Sheet 2 of 8 US 9,195,951 B2

TIME PERIOD | 2 3 4 5 6 7 8
$ 5 § 7 S p201)
2 6 a 4 AT 22(2)
3 7 5 3 A 22(3)
4 5 4 5 AN 2244)
5 s | o8 | 1 *2e
\. ] :
2o A A "
Fig. 2A
TIME PERIOD | SUB-CATEGORY | 2 3 4
4 3 ALL 5 & 7 2z
REGION 1: {TEM 1 | 1 2 =
76 < REGION 1:/TEM2 | 1 2 3
REGION 2 ITEMt | 2 2 2
L REGION 2 [TEM2 | 1 o 1
20~
2. {2 | 3 14|68 7|8
~ ALL T e 51 alz2 6|4
REGIONT:fTEMY | 2 L 2 1 4 1 2 1111} 0
g6< | REGIONt - TEM2 | 3 | z {0 [ 1 1o} 2z |0
REGIONZITEMY | ¢+ L 2 1ol o 113109
| REGIONZ:TEM2 L 3 L0 |t f o 0 0|1

3

0 Fig. 3



U.S. Patent Nov. 24, 2015 Sheet 3 of 8 US 9,195,951 B2

DETEST A USER INPUT
CORRESPONDING TO A
REALIZATION OF A REALIZATION,|
TIME SERIES DISPLAYED AS A
VISUALIZATION

‘90

X

DISPLAY A FORECAST GRAPH
OF A FORECAST TIME SERIES

CORRESPONDING TO THE
REALIZATION
g
Eia. 4A DISBLAY A REALZATION GRAPH
ig. FOR A REALIZATION TIME

SERIER

" 100
¥

SROVIDE AN ABILITY 7O SELECT

REALIZATIONS IN THE

REALIZATION GRAPH

' 102

RECEIVE USER INPUTY
CORRESPOMDING TG A
REALIZATION N THE
REALIZATION GRAPH

404

¥
DIGRLAY FORECAST GRAPHS QF
SELECTED FORECAST ROLUNG
—3 HORIZON THE SERIES
CORRESPONDING TO THE
REALIZATION
]

YES 106

ANOTHER
REALIZATION
SELECTED?




US 9,195,951 B2

Sheet 4 of 8

Nov. 24, 2015

U.S. Patent

w6 Bid

POLES ] 204 |,
iz Gz &L 9F 2L 8L 8L ¥ £ 20 3
Zy .ma&meAmmwsmww o

%

Gt

v

B8 8 £ 8 §5 ¥ € 2
060000000060
7 \.\\u

4

. O0v

- 000G

o8

GO SjIun

00

- DOpL

- 0091

- CUE

- DT



US 9,195,951 B2

Sheet 5 of 8

Nov. 24, 2015

U.S. Patent

as "Bid

gz AL 92 L& vi

W \&\\t g ‘ B, 7 ., 40 ; : B el e e {
66666 5666800600066 00666

. 007
. 00
' L oo

. 0082

0001 B3LN

A ¥ @s&&&

0gL - o
{2z)

4

A oz - oo

- D081

- DODE



US 9,195,951 B2

Sheet 6 of 8

Nov. 24, 2015

U.S. Patent

a6 "B

Q¥ polad DU )
26 ¢ 0F B2 BT L2 9T ST YE €7 22 1T 0K gL 4 9t §b ¥ gl

H S

2pL

,, L o
. P e win (G s o e el
{PIozZL

S

i

]

i

£

&g

000: SHUN

OO

00

Do

oosl

(WK,



US 9,195,951 B2

Sheet 7 of 8

Nov. 24, 2015

U.S. Patent

5

L

k4

€9 b1

138440 GO 3 3L

3

3,

£

3

T

4.

a0z

- N0

st

DOCE

o

- BOPT

YZivay

o

SNG

IZATIONS

s
L

REA

L3

4

1~

w9 b1y

L3R40 Q0 30LL

z

-

-

5

e

]

D

i
3.

[y

L%

003

D01

DaST

081




US 9,195,951 B2

U.S. Patent Nov. 24, 2015 Sheet 8 of 8
FORECAST REALIZATION
TIME SERIES TIME SERIES
NFORMATION | | INFORMATION
20 30
TIME SERIES TIME SERIES
VISUALIZATION | | VisSUALIZATION
LINET 50 OUTPUT 80
PROCESSOR(S)
MEMORY
% EN Y
L 202 204
214
¥ ~a
B -y N E:
¥ % L W
INPUT / .
W DISPLAY N NETWORK
CUTPUT A PORT(S) BV
CEVICE(S) DEVICE(S) DEVICE(S)
206 208/ 2107 212

200 wf/g

Fig. 7



US 9,195,951 B2

1
DISPLAYING A VISUALIZATION OF A
PORTION OF A ROLLING HORIZON TIME
SERIES

BACKGROUND

Business information, such as forecasting information, is
often stored in complex formats such as a rolling horizon time
series. The complex nature of these formats can make the
information difficult for a user to analyze and understand.
Further, the volume of information stored may be too large for
a user to consider in any given time frame. Techniques that
provide insights into complex and voluminous information
may be valuable for a user.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram illustrating one embodiment of a
rolling horizon time series visualization environment for pro-
viding a rolling horizon time series visualization.

FIGS.2A-2B are block diagrams illustrating examples of a
rolling horizon time series.

FIG. 3 is a block diagram illustrating an example of a
realization time series.

FIGS. 4A-4B are flowcharts illustrating embodiments of
methods for displaying rolling horizon time series visualiza-
tions.

FIGS. 5A-5C are graphical diagrams illustrating embodi-
ments of rolling horizon time series visualizations.

FIGS. 6A-6B are diagrams illustrating embodiments of
aggregate rolling horizon time series visualizations.

FIG. 7 is a block diagram illustrating a processing system
configured to implement a rolling horizon time series visual-
ization environment.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof, and in
which is shown by way of illustration specific embodiments
in which the disclosed subject matter may be practiced. Itisto
be understood that other embodiments may be utilized and
structural or logical changes may be made without departing
from the scope of the present disclosure. The following
detailed description, therefore, is not to be taken in a limiting
sense, and the scope of the present disclosure is defined by the
appended claims.

As described herein, a rolling horizon time series visual-
ization environment is provided for interactively visualizing
portions of one or more rolling horizon time series with
respect to a realization time series. The environment provides
auser with the ability to select portions of one or more rolling
horizon time series for visualization (e.g., graphical display)
adjacent to a visualization of a realization time series accord-
ing to a selected visualization format. Each visualized portion
may represent a set of forecasts corresponding to the same
time period as a given realization or a forecast time series with
forecasts corresponding to different time periods than a time
period of a given realization. The user may select an aggre-
gation level and time granularity of the realization time series
for display as well as a horizon length of the displayed portion
of'the rolling horizon time series. The visualizations allow the
user to interactively understand relationships between one or
more rolling horizon time series and a realization time series.

As used herein, a time series refers to a sequence of data
points indexed by time, where each interval of time in the time
series is referred to as a time period. A time series includes a
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data point for each time period of the time series. The number
of time periods included in a time series is referred to as the
horizon length (e.g., a horizon length may include 3 time
periods). A rolling horizon time series includes at least two
time series with the same horizon length but different sets of
overlapping time periods.

As used herein, a forecast time series refers to a sequence
of forecast data points (referred to herein as forecasts)
indexed by time. Each forecast represents an amount of a
forecast variable (i.e., a unit) that is predicted to be realized
for a given time period. A forecast rolling horizon time series
includes at least two forecast time series with the same hori-
zon length but different sets of overlapping time periods.

As used herein, a realization time series refers to a
sequence of realization data points (referred to herein as
realizations) indexed by time. Each realization represents an
amount of a realization variable (i.e., a unit) that is actually
realized.

Rolling horizon time series may be used in forecasting
processes, such as procurement forecasting processes involv-
ing a buyer and seller. By nature, forecasting processes gen-
erally involve an amount of error that is desirable to be mini-
mized each time that forecasts are issued. In order to
minimize the error, a user often seeks to gain understanding
and insights into the type and amount of error in previous
forecasts when compared to realizations. The interactive roll-
ing horizon time series visualizations described herein may
advantageously allow a user to analyze forecasts and realiza-
tions at selectable or aggregate points in a forecasting pro-
cess.

FIG. 1 is a block diagram illustrating one embodiment of
rolling horizon time series visualization environment 10 for
providing a rolling horizon time series visualizations 60.
Visualization environment 10 includes a set of forecast roll-
ing horizon time series information 20(1)-20(M) (where M is
an integer that is greater than or equal to one), realization time
series information 30, and user inputs 40 that are provided to
a rolling horizon time series visualization unit 50 (hereafter
visualization unit 50) to generate rolling horizon time series
visualizations 60. Visualization environment 10 allows a user
that provides user inputs 40 to interactively select portions of
one or more of rolling horizon time series information 20(1)-
20(M) for visualization with respect to a visualization of
realization time series 30 according to a selected visualization
format. The rolling horizon time series visualizations 60 of
visualization environment 10 include an ability for the user to
select the portions of the one or more of rolling horizon time
series information 20(1)-20(M) for graphical display adja-
cent to a graphical display of a realization time series 30 for
selected or all realizations in realization time series 30. The
graphical displays allow the user to interactively visualize
relationships between one or more of rolling horizon time
series information 20 and realization time series 30. Visual-
ization environment 10 may be implemented using one or
more processing systems (e.g., a processing system 200
shown in FIG. 7 and described in additional detail below).

Each set of rolling horizon time series information 20
includes a set of at least two forecast time series 22(1)-22(N)
(where N is an integer that is greater than or equal to two) and
aggregation information 24 that identifies aggregation levels
(i.e., categories and/or sub-categories of information in fore-
cast time series 22(1)-22(N)). Forecast time series 22(1)-22
(N) collectively form a rolling horizon time series that covers
Z time periods (where Z is an integer that is greater than or
equal to three). Each forecast time series 22 includes a
sequence of forecasts that span each time period in a horizon
length P (i.e., P time periods) (where P is an integer that is
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greater than or equal to one and is less than 7). Thus, each
forecast time series 22 includes a set of forecasts {f, ,,,
f, seas -+ -s T oop} Where £, represents a forecast issued at
time period t predicting an amount at time period t+k. In each
time series 22 (except for the first time series 22 in the set), the
first P—1 forecasts (i.e., forecasts f, ,,, to f, ,,» ;) represent
updates to the existing forecasts made in previous time peri-
ods and the last forecast, f, ,, , represents the first forecast
issued for the time period t+P.

FIG. 2A is a block diagram illustrating an example of
rolling horizon time series information 20 with a set of fore-
cast time series 22(1)-22(5) issued at time periods 1 through
5, respectively, and represented as rows in the diagram. Each
forecast time series 22(1)-22(5) has ahorizon length of 3 (i.e.,
P=3) such that each forecast time series 22(1)-22(5) includes
3 forecasts 72 as indicated by a bracket 74 for the horizon
length of forecast time series 22(1) which spans three col-
umns in the diagram. Thus, forecast time series 22(1) includes
forecasts 72 for time periods 2-4, and forecast time series
22(2) includes forecasts 72 for time periods 3-5, etc. Collec-
tively, forecast time series 22(1)-22(5) form a rolling horizon
time series that covers 7 time periods (i.e., Z=7).

Each forecast time series 22 may include one or more
aggregation levels 76 that are described by aggregation infor-
mation 24 as illustrated by an example in FIG. 2B. FIG. 2B
illustrates a breakdown of forecast time series 22(1) into
aggregation levels 76. Each aggregation level 76 represents a
category or a sub-category in a forecast time series 22(1) that
breaks down the overall forecast amount into forecast
amounts for the category or sub-category. In the example of
FIG. 2B, aggregation levels 76 include an overall category
(i.e., ALL), a first level of subcategories (i.e., REGION 1 and
REGION 2), and a second level of sub-categories (i.e., ITEM
1 and ITEM 2). The aggregate of the forecast amounts for
each sub-category is equal to the forecast amount for the
overall category for each time period (e.g., for time period 3,
the sum of all items across all regions is equal to 6). Aggre-
gation levels 76 allow a user to select a desired portion of
forecast time series 22(1) to be viewed. The desired portion
may cover the overall category, a sub-category, or any aggre-
gation of sub-categories at the same and/or different levels
(e.g., the aggregation of ITEM 1in REGION 2 and ITEM 2 in
REGION 1).

Referring back to FIG. 1, realization time series informa-
tion 30 includes a realization time series 32 and aggregation
information 34. Realization time series 32 includes a realiza-
tion for each time period, where each realization may be
broken down into one or more aggregation levels described
by aggregation information 34. FIG. 3 is a block diagram
illustrating an example of a realization time series 30 that
corresponds to the example of forecast time series 22(1)-22
(5) shown in FIGS. 2A-2B.

Inthe example of FIG. 3, realization time series 32 includes
realizations 82 for each aggregation level 86, as represented
by the rows in the diagram, for time periods 2 through 8 (i.e.,
7=7), as represented by the columns in the diagram. Each
aggregation level 86 represents a category or a sub-category
in realization time series 32 that breaks down the overall
realization amount into realization amounts for the category
or sub-category. Aggregation levels 86 correspond to aggre-
gation levels 76 for forecast time series 22 (shown in FIG.
2B), and the aggregate of the realization amounts for each
sub-category is equal to the realization amount for the overall
category for each time period (e.g., for time period 3, the sum
ofall items across all regions is equal to 6). As with aggrega-
tion levels 76, aggregation levels 86 allow a user to select, a
desired portion of realization time series 32 to be viewed. The
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4

desired portion may cover the overall category, a sub-cat-
egory, or any aggregation of sub-categories at the same and/or
different levels (e.g., the aggregation of ITEM 1 in REGION
2 and ITEM 2 in REGION 1).

User input 40 represents various types of inputs provided
by a user to interactively select visualizations of rolling hori-
zon time series information 20(1)-20(M) and realization time
series information 30. User input 40 may select which rolling
horizon time series information 20(1)-20(M) to visualize as
well as an aggregation level and/or time granularity of
selected rolling horizon time series information 20(1)-20(M)
and realization time series information 30. User input 40 may
also select a horizon length used in visualizations of rolling
horizon time series information 20(1)-20(M). User input 40
may further select a visualization format for viewing relation-
ships between rolling horizon time series information 20(1)-
20(M) and realization time series information 30. The format
may include selecting a realization for viewing visualizations
of portions of one or more of rolling horizon time series
information 20 with respect to realization time series 32 as
will be described in additional detail below with reference to
FIGS. 5A-5C. The format may also include selecting to view
visualizations of numerous portions of rolling horizon time
series information 20 simultaneously with respect to realiza-
tion time series 32 as will be described in additional detail
below with reference to FIGS. 6A-6B.

Visualization unit 50 generates rolling horizon time series
visualizations 60 based on rolling horizon time series infor-
mation 20(1)-20(M), realization time series information 30,
and user inputs 40. Visualization unit 50 may provide an
indication of the available rolling horizon time series infor-
mation 20(1)-20(M) to a user to allow the user to select the
desired rolling horizon time series information 20(1)-20(M)
for the visualization. Visualization unit 50 correlates the time
periods in the selected rolling horizon time series information
20(1)-20(M) and realization time series information 30. Visu-
alization unit 50 may provide an indication of time granular-
ity levels (e.g., weeks, months, quarters, years, etc.) of the
realization time series 32 to a user to allow the user to select
a desired time granularity for the visualizations. Visualization
unit 50 also correlates the aggregation levels in the selected
rolling horizon time series information 20(1)-20(M) and real-
ization time series information 30 using aggregation infor-
mation 24 and aggregation information 34. Visualization-unit
50 may provide an indication of the available aggregation
levels of the realization time series 32 to a user to allow the
user to select a desired aggregation level for the visualiza-
tions. Visualization unit 50 determines the horizon lengths in
the selected rolling horizon time series information 20(1)-20
(M) and may provide an indication of the duration of horizon
lengths to a user to allow the user to select desired horizon
lengths of the selected rolling horizon, time series informa-
tion 20(1)-20(M) for the visualizations. Visualization unit 50
further provide an indication of type of visualization formats
to a user to allow the user to select desired visualization
formats of the selected rolling horizon time series informa-
tion 20(1)-20(M) for the visualizations.

Based on user input 40, visualization unit 50 generates
rolling horizon time series visualizations 60 to include real-
ization time series 32 with a selected time granularity and
aggregation level. Visualization unit 50 further generates roll-
ing horizon time series visualizations 60 to include the user
selected portions of one or more rolling horizon time series
20. Visualization unit 50 interactively updates rolling horizon
time series visualizations 60 based on subsequent user inputs
40.
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FIGS. 4A-4B are flowcharts illustrating embodiments of
methods for displaying rolling horizon time series visualiza-
tions 60. The methods of FIGS. 4A-4B will be described with
respect to visualization unit 50 (shown in FIG. 1) and FIGS.
5A-5C, which are graphical diagrams illustrating embodi-
ments of rolling horizon time series visualizations, according
to one embodiment.

In the embodiment of FIG. 4A, visualization unit 50
detects a user input 40 corresponding to a realization of real-
ization time series 30 displayed in a first visualization 60 as
indicated in a block 90. FIG. 5A illustrates a visualization 60
that includes a graph 130 of realization time series 30 where
the x-axis represents time periods and the y-axis represents
units (i.e., forecast variables). Graph 130 connects sequential
realizations of realization time series 30 across the displayed
time periods. Visualization unit 50 generates graph 130 in
accordance with user inputs 40, default settings, and/or other
predefined settings that select the aggregation level and time
granularity of realization time series 30.

In the embodiment of FIG. 5A, a user provides a user input
40 by positioning a pointer 140 and/or providing a selection
input. Pointer 140 may be controlled by a mouse, a touchpad,
buttons, and/or any other suitable input device. A selection
input may be made by positioning the pointer on a defined
area, clicking a mouse, tapping a touchpad, pushing a button,
and/or performing any other suitable function that indicates a
selection. In other embodiments, a user provides a user input
40 in other suitable ways.

To select a realization in the embodiment of FIG. 5A, the
user positions pointer 140 over a defined area. In one embodi-
ment, the defined area is an area in proximity to the time
period on the x-axis corresponding to each realization as
indicated by circles 142. In another embodiment, the defined
area is an area in proximity to the realization on graph 130. In
other embodiments, the defined area may be located in other
suitable places and/or other methods of selecting a realization
may be used.

As shown in FIG. 5B, the user selects a realization 132
corresponding to time period 19 by positioning pointer 140
over the circle 142 near time period 19 on the x-axis in one
embodiment. The selection causes realization 132 to be visu-
ally highlighted on graph 130 by display a data mark. The
selection may also cause graph 130 to be displayed with
reduced opacity to avoid visually interfering with added visu-
alizations (e.g., graphs 120(1) and 120(2)).

In this example, the user has previously provided user
inputs 40 that select rolling horizon time series information
20(1)-20(2) to display along with associated horizon lengths
of 13 time periods and 8 time periods, respectively. In the
example of F1G. 5B, the user has also provided user inputs 46
that select a visualization format, referred to as “looking left”,
that displays the sets of forecasts from the selected rolling
horizon time series information 20(1)-20(2) corresponding to
the selected realization 132. Accordingly, visualization unit
50 generates visualizations 60 to include a graph 120(1) cor-
responding to the set of forecasts for time period 19 from time
periods 6 through 18 from rolling horizon time series infor-
mation 20(1) and a graph 120(2) corresponding to the set of
forecasts for time period 19 from time periods 11 through 18
from rolling horizon time series information 20(2). Visual-
ization unit 50 causes graphs 120(1) and 120(2) to be dis-
played adjacent to graph 130.

From the “looking left” visualization format in FIG. 5B, a
user may see the forecasts that led up to realization 132 at time
period 19. In this example, the user can analyze the forecasts
and readily discern that the forecasts from both rolling hori-
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zon time series information 20(1) and 20(2) significantly
overestimated the number of units that were realized in time
period 19.

The user may return to the display shown in FIG. 5A by
positioning pointer 140 outside of circle 142 or cause other
sets of forecasts for another realization to be displayed by
positioning pointer 140 on a different circle 142 correspond-
ing to the selected realization.

FIG. 5C shows another example where user previously
provided user inputs 40 that select rolling horizon time series
information 20(3)-20(4) to display along with associated
horizon lengths of 13 time periods and 8 time periods, respec-
tively. The user has also provided user inputs 40 that select a
visualization format, referred to as “looking right”, that dis-
plays forecast time series 22 from the selected rolling horizon
time series information 20(3)-20(4) corresponding to the
selected realization 132 (i.e. forecast time series 22 issued at
time 19).

Visualization unit 50 initially generates visualizations 60
to include only graph 130. When the user selects realization
132 corresponding to time period 19 by positioning pointer
140 over the circle 142 near time period 19 on the axis in one
embodiment, the selection causes realization 132 to be visu-
ally highlighted on graph 130 by display a data mark and may
cause the portion of graph 130 to the left of realization 132 to
be displayed with reduced opacity to avoid visually interfer-
ing with added visualizations (e.g., graphs 120(3) and 120
(4)). Visualization unit 50 generates visualizations 60 to
include a graph 120(3) corresponding to forecast time series
22 for time period 19 from time periods 20 through 32 from
rolling horizon time series information 20(3) and a graph
120(4) corresponding to the forecast time series 22 for time
period 19 from time periods 20 through 27 from rolling hori-
zon time series information 20(4). Visualization unit 50
causes graphs 120(3) and 120(4) to be displayed adjacent to
graph 130.

From the “looking right” visualization format in FIG. 5C,
auser may compare the forecasts issued at time period 19 for
the upcoming time periods. In this example, the user can
analyze the forecasts and see that the forecasts from rolling
horizon time series information 20(3) were above the number
of units that were realized in time periods 20-24 and 26-28.
The user can also see that the forecast from rolling horizon
time series information 20(3) was below the number of units
that were realized in time period 25 and that the number of
units that were realized is not yet know for periods 28-32. The
user can further see that the forecasts from rolling horizon
time series information 20(4) were above the number of units
that were realized in time periods 20-27.

By positioning pointer 140 outside of circle 142, the user
may remove graph 120(3) and graph 120(4), cause the opac-
ity of graph 130 to be returned to full opacity, and causes the
visual highlight of realization 132 on graph 130 to be
removed. The user may cause other sets of forecast time series
22 for another realization to be displayed by positioning
pointer 140 on a different circle 142 corresponding to the
selected realization.

FIG. 4B illustrates another embodiment of a method for
displaying rolling horizon time series visualizations 60. The
method of FIG. 4B assumes that a visualization format, an
aggregation level and time granularity of realization time
series 32, and a desired set of rolling horizon time series
information 20 for visualization with desired horizon lengths
have been determined for the visualizations (e.g., from user
inputs 40, default settings, and/or other predefined settings).

Visualization unit 50 displays a realization graph for a
realization time series 32 as indicated in a block 100. Visual-
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ization unit 50 displays the realization graph in accordance
with the determined visualization format, the determined
aggregation level and time granularity of realization time
series 32, and, for “looking right” formats, the determined,
horizon lengths. For the “looking left” format, visualization
unit 50 may display the realization graph similar to the graph
130 shown in FIG. 5A where x-axis covers all time periods of
realization time series 32. For the “looking right” format,
visualization unit 50 may display the realization graph similar
to the graph 130 shown in FIG. 5A but with additional time
periods to the right of the last realization of realization time
series 32 to allow forecasts to be displayed for horizon lengths
that extend beyond the last realization.

Visualization unit 50 provides an ability to select realiza-
tions in the realization graph as indicated in a block 102. As
described in the embodiments above, visualization unit 50
may provide this ability by providing a defined area for the
user to position a pointer (e.g., a pointer over circles 142 or
over points on the realization graph). Visualization unit 50
receives a user input 40 corresponding to a realization on the
realization graph as indicated in a block 104. The user input
40 may include the user positioning a pointer over a defined
area as illustrated above in FIGS. 5B and 5C.

Visualization unit 50 displays forecast graphs of selected
forecast rolling horizon time series information 20 corre-
sponding to the realization as indicated in a block 106. For the
“looking left” format, visualization unit 50 displays the fore-
cast graphs to include the set of forecasts in the horizon
lengths corresponding to the selected realization as shown in
the example of FIG. 5B. Visualization unit 50 may also visu-
ally highlight the selected realization and reduce the opacity
of the realization graph to minimize any visual interference
with the forecast graphs. For the “looking right” format,
visualization unit 50 displays the forecast graphs to include
forecast time series 22 from the selected rolling horizon time
series information 20 that correspond to the selected realiza-
tion as shown in the example of FIG. 5C. Visualization unit 50
may also visually highlight the selected realization and
reduce the opacity of the realization graph to the left of the
realization to emphasize the forecast graphs with respect to
the relevant portion of the realization graph.

A determination is made by visualization unit 50 as to
whether another realization is selected as indicated in a block
108. Prior to another realization being selected, the previous
realization may be de-selected by the user moving the pointer
out of the defined area. When the de-selection occurs, visu-
alization unit 50 may return the display to the initial display of
the realization graph as described above for the “looking left”
and “looking right” formats. In particular, visualization unit
50 removes the forecast graphs when a realization is de-
selected. When a user selects another realization (e.g., by
positioning the pointer over a defined area corresponding to
the other realization), visualization unit 50 generates new
forecasts graphs corresponding to the realization. In this way,
the user can easily and arbitrarily select realizations to cause
corresponding forecast graphs to be generated and updated
when new realization selections are made.

In the embodiments of FIGS. 4A-4B and 5A-5C, a user
selects a single realization from realization time series 32 to
cause corresponding information from rolling horizon time
series information 20 to be adjacently displayed. A user may
also provide a user input 40 that selects portions of one or
more selected rolling horizon time series information 20 to be
simultaneously displayed for all realizations from realization
time series 32. These visualizations 60 are referred to as
aggregate visualizations (i.e., aggregate rolling horizon time
series visualizations) and are illustrated in FIGS. 6 A-6B.
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FIG. 6A illustrates a “looking left” aggregate visualization
160 that parallels the “looking left” visualization format
described above. In particular, visualization unit 50 generates
visualizations 60 to include a forecast graph for each realiza-
tion in realization time series 32, where the forecast graphs
collectively form aggregate visualization 160. Each forecast
graph includes a set of forecasts corresponding to the same
time period as a corresponding realization (i.e., a portion of
rolling horizon time series 20). Each forecast graph is shown
with solid lines with the x-axis representing a time period
offset from a corresponding realization (e.g., -2 means the
second time period prior to the time period of the realization)
and the y-axis representing the units of the realization. A
dashed line connects each forecast graph to the corresponding
realization on the y-axis. Each realization is graphed along
the y-axis at a common point on the x-axis axis.

Aggregate visualization 160 may allow a user to identify
general trends that may not be readily apparent in viewing the
visualizations corresponding to a single realization. For
example, the user may notice a trend towards over-forecast-
ing the realizations in the example of FIG. 6A.

FIG. 6B illustrates a “looking right” aggregate visualiza-
tion 170 that parallels the “looking left” visualization format
described above. In particular, visualization unit 50 generates
visualizations 60 to include a forecast graph for each realiza-
tion in realization time series 32, where the forecast graphs
collectively form aggregate visualization 170. Each forecast
graph includes a forecast time series 22 issued in the same
time period as the corresponding realization (i.e., a portion of
rolling horizon time series 20). Thus, each forecast in the
forecasttime series 22 corresponds to a respective time period
after the time period of the corresponding realization. Each
forecast graph is shown with solid lines with the x-axis rep-
resenting a time period offset from a corresponding realiza-
tion (e.g., 3 means the third time period subsequent to the time
period of the realization) and the y-axis representing the units
of'the realization. A dashed line connects each forecast graph
to the corresponding realization on the y-axis. Each realiza-
tion is graphed along the y-axis at a common point on the
X-axis axis.

Aggregate visualization 170 may also allow a user to iden-
tify general trends that may not be readily apparent in viewing
the visualizations corresponding to a single realization. For
example, the user may notice a trend towards over-forecast-
ing the realizations in the example of FIG. 6B.

The above rolling horizon time series visualization meth-
ods may advantageously allow a user to interactively analyze
rolling horizon time series data. The methods allow the user to
focus on desired aggregation levels, time granularity, and
horizon lengths and inspect selected portions of the rolling
horizon time series data in a simplified manner. The user may
examine past revisions of forecasts as well as future-looking
forecasts to identify trends within each view. As a result, the
user may be able to effectively navigate large and complex
data sets.

The visualization methods may find applicability in pro-
curement engagements between a buyer and a seller. For
example, the buyer may issue forecast time series for the
expected purchase of certain units at various time periods.
The seller may use the forecast time series to plan production
of the units and may further issue response forecast time
series for the expected production levels of the units at various
time periods. In such a collaborative inventory management
system, the forecast time series and the response forecast time
series both form rolling time horizon time series. Accord-
ingly, both the buyer and the seller may benefit by using the
above, methods to analyze the forecast time series and the
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response forecast time series and further communication
between the buyer and the seller to result in an enhanced
purchasing scheme.

FIG. 7 is a block diagram illustrating a processing system
200 configured to implement rolling horizon time series visu-
alization environment 10 (shown in FIG. 1) to interactively
display relationships between rolling horizon time series
information 20 and realization time series information 30.

Processing system 200 includes at least one processor 202
configured to execute machine readable instructions stored in
a memory system 204. Processing system 200 may also
include any suitable number of input/output devices 206,
display devices 208, ports 210, and/or network devices 212.
Processors 202, memory system 204, input/output devices
206, display devices 208, ports 210, and network devices 212
communicate using a set of interconnections 214 that
includes any suitable type, number, and/or configuration of
controllers, buses, interfaces, and/or other wired or wireless
connections. Components of processing system 200 (for
example, processors 202, memory system 204, input/output
devices 206, display devices 208, ports 210, network devices
212, and interconnections 212) may be contained in a com-
mon housing (not shown) or in any suitable number of sepa-
rate housings (not shown).

Processing system 200 may execute a basic input output
system (BIOS), firmware, an operating system, a runtime
execution environment, and/or other services and/or applica-
tions stored in memory 204 (not shown) that includes
machine readable instructions that are executable by proces-
sors 202 to manage the components of processing system 200
and provide a set of functions that allow other programs (e.g.,
visualization unit 50) to access and use the components.

Processing system 200 represents any suitable processing
device, or portion of a processing device, configured to imple-
ment the functions of visualization unit 50 as described
above. A processing device may be a laptop computer, a tablet
computer, a desktop computer, a server, or another suitable
type of computer system. A processing device may also be a
mobile telephone with processing capabilities (i.e., a smart
phone), a digital still and/or video camera, a personal digital
assistant (PDA), an audio/video device, or another suitable
type of electronic device with processing capabilities. Pro-
cessing capabilities refer to the ability of a device to execute
instructions stored in a memory 204 with at least one proces-
sor 202.

Each processor 202 is configured to access and execute
instructions stored in memory system 204. Each processor
202 may execute the instructions in conjunction with or in
response to information received from input/output devices
206, display devices 208, ports 210, and/or network devices
212. Each processor 202 is also configured to access and store
data in memory system 204.

Memory system 204 includes any suitable type, number,
and configuration of volatile or non-volatile storage devices
configured to store instructions and data. The storage devices
of memory system 204 represent computer readable storage
media that store computer-readable and computer-executable
instructions including visualization unit 50 and computer-
readable data such as rolling horizon time series information
20, realization time series information 30, and rolling horizon
time series visualizations 60. Memory system 204 stores
instructions and data received from processors 202, input/
output devices 206, display devices 208, ports 210, and net-
work devices 212. Memory system 204 provides stored
instructions and data to processors 202, input/output devices
206, display devices 208, ports 210, and network devices 212.
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The instructions are executable by processing system 200 to
perform the functions and methods of visualization unit 50
described herein. Examples of storage devices in memory
system 204 include hard disk drives, random access memory
(RAM), read only memory (ROM), flash memory drives and
cards, and other suitable types of magnetic and/or optical
disks.

Input/output devices 206 include any suitable type, num-
ber, and configuration of input/output devices configured to
input instructions and/or data from a user to processing sys-
tem 200 and output instructions and/or data from processing
system 200 to the user. Examples of input/output devices 206
include a touchscreen, buttons, dials, knobs, switches, a key-
board, a mouse, and a touchpad.

Display devices 208 include any suitable type, number, and
configuration of display devices configured to output image,
textual, and/or graphical information to a user of processing
system 200. Examples of display devices 208 include a dis-
play screen, a monitor, and a projector.

Ports 210 include suitable type, number, and configuration
of ports configured to input instructions and/or data from
another device (not shown) to processing system 200 and
output instructions and/or data from processing system 200 to
another device.

Network devices 212 include any suitable type, number,
and/or configuration of network devices configured to allow
processing system 200 to communicate across one or more
wired or wireless networks (not shown). Network devices 212
may operate according to any suitable networking protocol
and/or configuration to allow information to be transmitted by
processing system 200 to a network or received by processing
system 212 from a network.

Although specific embodiments have been illustrated and
described herein for purposes of description of the embodi-
ments, it will be appreciated by those of ordinary skill in the
art that a wide variety of alternate and/or equivalent imple-
mentations may be substituted for the specific embodiments
shown and described without departing from the scope of the
present disclosure. Those with skill in the art will readily
appreciate that the present disclosure may be implemented in
a very wide variety of embodiments. This application is
intended to cover any adaptations or variations of the dis-
closed embodiments discussed herein. Therefore, it is mani-
festly intended that the scope, of the present disclosure be
limited by the claims and the equivalents thereof.

What is claimed is:

1. A method comprising:

detecting, by a system including a processor, a first user

input selecting a first realization at a given time period of
a realization time series including a plurality of realiza-
tions at respective time periods displayed in a first visu-
alization; and

in response to detecting the first user input, displaying, a

second visualization of a first portion of a first rolling
horizon time series corresponding to the first realization,
the second visualization displayed adjacent to the first
visualization.

2. The method of claim 1 wherein the first portion of the
first rolling horizon time series includes a set of forecasts
corresponding to the first realization.

3. The method of claim 1 wherein the first portion of the
first rolling horizon time series includes a forecast time series
corresponding to the first realization.

4. The method of claim 3 wherein each forecast in the
forecast time series and the first realization correspond to
different time periods.
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5. The method of claim 1 wherein the first user input
includes positioning a pointer over an area in the first visual-
ization that is in proximity to the given time period on an axis
corresponding to the first realization.

6. The method of claim 1 wherein the first user input
includes positioning a pointer over an area in the first visual-
ization that is in proximity to the first realization on the first
visualization.

7. The method of claim 1 further comprising:

subsequent to detecting the first user input, detecting a

second user input selecting a second realization at a
second time period of the realization time series dis-
played in the first visualization; and

in response to detecting the second user input, displaying a

third visualization of a second portion of the first rolling
horizon time series corresponding to the second realiza-
tion, the third visualization displayed adjacent to the first
visualization.

8. The method of claim 1 further comprising:

displaying a third visualization of a portion of a second

rolling horizon time series corresponding to the first
realization adjacent to the first visualization in response
to detecting the first user input.

9. The method of claim 1 wherein the second visualization
includes forecast data values for a variable at respective time
periods that are prior to the given time period but not after the
given time period, and wherein the first realization is a real-
ized value of the variable.

10. The method of claim 1 wherein the second visualiza-
tion includes forecast data values for a variable at respective
time periods that are after the given time period but not prior
to the given time period, and wherein the first realization is a
realized value of the variable.

11. The method of claim 1 further comprising visually
highlighting the first realization in the first visualization in
response to the first user input.

12. The method of claim 1 wherein the first rolling horizon
time series includes a plurality of forecast time series, each of
the plurality of forecast time series including a particular
number of time periods, and wherein the first rolling horizon
time series has a number of time periods that is greater than
the particular number of time periods.

13. The method of claim 1 further comprising:

displaying a further visualization including different por-

tions of a rolling horizon time series for respective real-
izations at corresponding time periods in the realization
time series, where each of the realizations is graphed
along a first axis ata common point on a second axis, and
each of the different portions of the rolling horizon time
series is represented by respective graphs along the sec-
ond axis that represents corresponding time offsets from
a respective time period of each corresponding realiza-
tion.

14. A non-transitory computer-readable storage medium
storing instructions that, when executed cause a processing
system to:

provide a user interface that allows a user to select a real-

ization at a given time period of a realization time series
including a plurality of realizations at respective time
periods displayed as a first graph; and
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in response to detecting the selecting of the realization,
display a portion of a first forecast rolling horizon time
series corresponding to the realization as a second graph
adjacent to the first graph in the user interface.

15. The non-transitory computer-readable storage medium
of claim 14 further storing instructions that, when executed
cause the processing system to:

display the first graph of the realization time series in the

user interface in accordance with an aggregation level of
the realization time series selected by the user.

16. The non-transitory computer-readable storage medium
of claim 14 further storing instructions that, when executed
cause the processing system to:

display the first graph of the realization time series in the

user interface in accordance with a time granularity of
the realization time series selected by the user.

17. The non-transitory computer-readable storage medium
of claim 14 further storing instructions that, when executed
cause the processing system to:

display the portion of the first forecast rolling horizon time

series in the user interface as the second graph in accor-
dance with a horizon length selected by the user.

18. The non-transitory computer-readable storage medium
of claim 14 further storing instructions that, when executed
cause the processing system to:

display a portion of a second forecast rolling horizon time

series corresponding to the realization as a third graph
adjacent to the first graph in the user interface.

19. The non-transitory computer-readable storage medium
of claim 14 wherein the second graph includes forecast data
values for a variable at respective time periods that are prior to
the given time period but not after the given time period, and
wherein the realization is a realized value of the variable.

20. The non-transitory computer-readable storage medium
of claim 14 wherein the second graph includes forecast data
values for a variable at respective time periods that are after
the given time period but not prior to the given time period,
and wherein the realization is a realized value of the variable.

21. A system comprising:

at least one processor to:

display a visualization including different portions of a

rolling horizon time series for respective realizations at
corresponding time periods in a realization time series,
where each of the realizations is graphed along a first
axis at a common point on a second axis, and the differ-
ent portions of the rolling horizon time series are repre-
sented by respective graphs along the second axis that
represents corresponding time offsets from a respective
time period of each corresponding realization.

22. The system of claim 21 wherein each of the different
portions of the rolling horizon time series includes a respec-
tive set of forecasts corresponding to a respective one of the
realizations.

23. The system of claim 21 wherein each of the different
portions of the rolling horizon time series includes a forecast
time series corresponding to a respective one of the realiza-
tions.
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